This paper describes the experience of the authors with the development of scoring rubrics for projects in the core subjects of an Information Systems program. It presents an overview of student learning assessment issues in professional courses and the role of educational projects for that purpose. Then the steps of deriving project rubrics in different subjects across the Information Systems program are shown along with some suggestions for future work.
Introduction
This paper describes the process of development of scoring rubrics for projects in the core subjects in an Information Systems (IS) program. Projects are a suitable direct vehicle for assessment of student learning in professional disciplines. Assessment work in any academic program needs to be placed in the context of the broader issues related to curriculum design and continuous quality improvement (Heywood, 2000) . Projects are very important teaching tools in vocational disciplines. They can be used as a way to demonstrate the technical proficiency of the students and how well they are prepared for their future profession.
According to Ewell (2002, p. 9) , assessment as a term refers to the processes used to determine an individual's mastery of complex activities, generally through observed performance. It can be seen also as a special kind of program evaluation, whose purpose is to improve curricula and pedagogy. The process of assessment starts with identification of the goals and objectives for learning, understanding of how these are addressed in the curriculum, followed by data gathering and evaluation of the results to improve educational programs. Other aspects of assessment and the related terminology are discussed in Heywood (2000, pp. 16-32) .
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ten it is not appreciated enough (see Wright, 2002) .
With the exception of one effort in IS program assessment at another US university (see Petkova & Jarmoszko, 2006) , the existing publications on assessment of student learning in Information Systems have focused only on single aspects of the assessment process in this discipline, like the use of surveys of graduates from a specific program (Pick & Kim, 2000) , or the role of a comprehensive exit exam conducted at national level (Reynolds, Longenecker, Landry, Pardue & Applegate, 2004 ).
The purpose of this paper is to develop an approach to designing rubrics for projects in various IS subjects that can be easily adapted to the goals of a particular educational program. The need to boost the practical skills of the students and the concern for developing a mechanism to improve student learning in the IS program at the universities where the authors work were the motivations for this research. To the best knowledge of the authors, there has been no published work on issues of assessment of student learning through project rubrics within diverse subjects across an IS program.
The paper proceeds with a discussion on issues related to assessment of student learning in an academic program, followed with an exploration of the theoretical aspects of using rubrics in project assessment. A case study on the design of rubrics for projects in different IS subjects follows, which is concluded with possible directions for future research.
On the Assessment of Student Learning in an IS Academic Program
An overview of academic program assessment methods is presented in Palomba & Banta (1999) . According to them these include:
• Direct methods: exams; performance measures (demonstrating student competence in one or more skills), including oral presentations, projects, demonstrations, case studies, simulations and portfolios; juried activities with outside panels, rating student work; involvement in internships, national licensure or professional exams.
• Indirect methods: providing proxy information about student learning through questionnaires for students to reflect on what they have learned, Interviews or focus groups.
The information gathered using the above methods may be either quantitative or qualitative in nature. Initiating a relevant assessment process within an academic program requires a careful consideration of the needs of the students, as well as of the resources available for data gathering and processing of the relevant information. A valuable collection of hints on academic program assessment issues is presented in Stassen, Doherty and Poe (2002) .
Course-embedded assessment has the advantages of easy implementation, cost and time effectiveness and student acceptance. Performance appraisal is the natural choice of assessment method to be used when assessing problem solving, communication and team working skills. Here we will concentrate on an issue that is not widely researched in IS program assessment literature: using scoring rubrics for the assessment of student performance in projects in IS subjects.
Since such an approach provides a direct measure for student learning, it is preferred to other indirect methods for program assessment (see Palomba & Banta, 1999) , especially in a professional field like Information Systems.
Some Theoretical Issues in Project Assessment and the Use of Rubrics
According to Heywood (2000, p. 329 ), a student is asked in an educational project to plan, specify, make, test and evaluate an artifact or an idea. Usually the instructor provides the students with guidelines for the structure of a project outline. Typically such guidelines, according to Heywood (2000:330) , include: title; analysis of the problem; practical problems to be solved; possible solutions; resources; references; future work.
A detailed review of past research on project work is presented in Brown, Bull & Pendleburry (1997, pp. 121-122) . According to Brown et al (1997) ., projects provide good, all around ability testing, potential for sampling wide range of practical, analytical and interpersonal skills, wider application of knowledge, understanding and skills to real/simulated situations, provide a measure of project and time management, a measure of team work skills and leadership. They stress the importance of monitoring project progress. According to the same authors, an instructor may choose from a wide variety of ways to assess a project: assessing artifacts; assessing the report; poster presentation/exhibition; presentations; logbooks.
It can be noted that classroom assessment for every subject in a program is left to the preferences of the individual instructor and typically includes quizzes, home assignments, exams and a team project. The selection of a particular set of methods for assessing an IS project will depend on its nature. Thus in an introductory subject on IS fundamentals it is usually the report that is assessed, while in a systems analysis or a database class, it is the design (the artifact).
Rubrics tell potential performers what elements of performance matter most and how the work to be judged will be distinguished in terms of relative quality (Wiggins, 1998, p. 153) . Scoring rubrics are descriptive scoring schemes that are developed by teachers or other evaluators to guide the analysis of products or processes of students' efforts (Brookhart, 1999 ).
Rubrics are not checklists. They are associated with the development of criteria and rating scales for evaluation of the product against these criteria. There are two types of rubrics: holistic and analytic. According to Nitko (2001) , a holistic rubric requires the teacher to score the overall process or product as a whole, without judging the component parts separately. With an analytic rubric the teacher scores separate, individual parts of the product or performance first, and then sums the individual scores to obtain a total score. The benefit of using a scoring rubric rather than weighted scores is that scoring rubrics provide a description of what is expected at each score level (Moskal & Leydens, 2002) According to Moskal & Leydens (2002) whether a scoring rubric is an appropriate evaluation technique depends upon the purpose of the assessment and whether the following expected benefits are consistent with that purpose: rubrics support the examination of the extent to which the specified criteria have been reached and they provide feedback to students concerning how to improve their performance. Rubric design needs to consider the appropriateness and validity of the performance task and also the appropriateness and validity of the criteria and descriptors for discrimination in relation to the task (Wiggins, 1998, p. 164) . Rubrics have been used in practice by various IS educators in the past but there is no published research on the advantages that they provide.
Apart from the descriptive role of a rubric, it has a potential for use in grading student achievement. The arithmetic calculations to obtain the corresponding percentage grade are deceptively simple but the field application of rubrics is an insufficiently researched issue in general. Mertler (2001) points out that a potentially frustrating aspect of scoring student work with rubrics is the issue of finding some way of converting them to "grades". The process of converting rubric scores to grades or categories according to him is more a process of logic and typically there are more scores at the average and above average categories than there are below average categories (Mertler, 2001 ). This issue is an open question in the theory of multiple criteria decision making and in the educational assessment literature.
Criteria to Evaluate a Project
A possible scheme for evaluation of projects according to Heywood (2000, p. 330) It is evident that various sets of categories might be defined depending on the nature of the project work within a specific subject.
The degree to which the content of the project is taken into account or whether the assessment focuses on process issues depends on the focus of the assessor on product or process. However, in the case of a process emphasis, it is assumed that the content would have to be correct if high scores are to be obtained (Heywood, 2000, p. 333) .
A new dimension to project assessment is introduced when one needs to deal with a group effort. Such aspects are the evaluation of working together and team building, while others might be assessment of development of leadership skills and project management skills (Brown et al, 1997, p. 136 ).
Wiggins (1998) discusses also expectations, another important issue in assessment. According to him, it looks at the pattern of overall past performance of an individual or a group that set up the norms. Hence students can exceed norms and expectations but still not perform up to standard according to Wiggins (1998, p. 157) .
What criteria need to be considered in a rubric depends on what the students should know. Without claiming that every performance needs to be assessed against all five types, Wiggins (1998, p. 168) suggests five categories of criteria to be used in rubrics, relating to the impact, the craftsmanship, the methods, the content and the sophistication of the performance. Another important distinction is between rubrics assessing generic skills or specific subject matter understanding. According to Wiggins (1998, p. 176) reliability is served by using a rubric that is unique to a task and to the samples of performance that relate to that task.
Before specifying any criteria for assessment, it is essential to define clearly the purpose of assessment, the level and type of knowledge associated with a particular task (Brualdi, 2002, p. 65) . This relates to the importance of understanding the taxonomy of learning outcomes defined by Bloom (1956) .
General guidelines for project scoring rubrics are suggested by Moskal & Leydens (2002) . Brualdi (2002) and Mertler (2001) provide almost similar practical guidelines for creating rubrics. According to Brualdi (2002) , the steps in developing a scoring rubric are: Identify qualities for the highest score; Select analytic or holistic scoring; If analytic scoring is used, develop scoring schemes for each factor; Define criteria for the lowest level; Contrast the lowest and highest level to develop middle level; Contrast other levels for finer distinctions.
Very useful guidelines for designing rubrics can be found also in Mertler (2001) . He suggests levels for a template for a holistic scoring rubric (one that does not take into account different criteria for the evaluation of a project): complete understanding of the problem, considerable understanding, partial, little and no understanding of the problem.
Mertler (2001) provides further an example of an analytic rubric, where for every chosen evaluation criterion is suggested the same set of four possible levels: beginning, developing, accomplished and exemplary. The next section discusses how the above concepts were applied in project assessment process in IS subjects.
An Account of Defining Information Systems Project Assessment Rubrics

Definition of a Standard Set of Criteria for the Projects in Every Information Systems Subject
The first step in creating rubrics for a group of subjects is to define a uniform set of project assessment criteria. The derived criteria for projects within the IS program at ECSU are shown in Table 1 . Craftsmanship is the term used by (Wiggins, 1998) Technical level of proficiency demonstrated through application of the technical knowledge associated with the subject.
Intellectual skills (IS program goal 3)
Method used, content (Wiggins, 1998) Problem solving skills and ability to organize information, ability to compare a problem situation against best business practices or to select and justify the best alternative solution.
Interpersonal skills (IS program goal 4) Impact (Wiggins, 1998) , Project management skills (Brown, 1997) Organizational, interpersonal and time management skills demonstrated in the execution of the project and its recommendations (some of it is evident from the project recommendations while some is evident from project logbooks and team member reports).
Communication skills (IS program goal 2)
Sophistication of performance (Wiggins, 1998) Communication skills, demonstrated through the organization of the project and its presentation (sometimes it can be a project walk through instead of a presentation).
Having a standard set of project assessment criteria contributes to the faster diffusion of assessment in individual subjects. The dimensions of assessing a project within the ECSU IS program (column 3 in Table 1 ) were derived from the four goals of the program. They are similar to those in the standard curricular recommendations for IS programs (see Gorgone, Davis, Topi, Feinstein & Longenecker, 2003) .
The general set of criteria for assessment of IS projects was developed partly from the existing literature on the use of projects in education (see Table 1 , column 2). These were applied to the design of project rubrics for two IS subjects as is shown in Appendices 1 and 2. Further details on the design process are provided in the next sub-section.
On the Design of a Project Rubric for the Introductory Information Systems Course
Management of Business Information (BUS205) is the introductory course in the Business Information Systems major, serving also the Business program. It combines the content of the module on Personal Productivity Tools as defined in the IS2002 Curriculum Recommendations (see Gorgone et al., 2003) with some issues on Organizational IS. The small group project involves the analysis of information system implementation problems within a particular organization.
The BUS205 project description includes the following generic tasks:
1. Analyze the usage of a particular information system within a given work system. Analyze the problem within the framework provided by the work system model (see Alter, 2004) ; identify what potential sources of data (internal and external, including legislation, market research reports and specific research papers that may be relevant to it). Provide your assumptions characterizing the problem situation in the respective real organization for which the report is prepared.
2. Using relevant library databases provide an overview of the best relevant practices in industry regarding solutions to the problem on hand. Suggest what changes in the company information systems or its infrastructure would be needed to help provide assistance in the solution of such a problem.
3. Produce a business report that will show to the management of the organization how the problem can be effectively improved or resolved with relevant resources, including a schedule and deadlines.
Combining the above information and the content of Table 1 , we derived the specific criteria to be used in the rubrics for projects in this subject:
• Ability to analyze a business and the IT in it as a work system.
• Ability to identify best business practices in the use of IT for the particular type of business and information systems.
• Ability to present the findings of the project within the report including time management issues • Ability to provide a convincing presentation.
Following Mertler (2001) , we have accepted the same four levels of distinction for student competency discussed earlier: beginning, developing, accomplished and exemplary. Thus the criteria and the grading of performance on each of them were derived on the basis of what is known about evaluation of projects in the educational literature in general and also taking into account the goals of the particular IS program and the specifics of a given subject. Appendix 1 contains the resulting rubric.
Using a similar approach, we formulated rubrics for other subjects like Systems Analysis and Design, Database Design and Security and IS Strategy. For example, the rubrics for Systems Analysis and Design (see Appendix 2) contain criteria that have the same structure and similar explanations for the levels of performance. To reflect better the nature of the content in that subject, an adjustment of the first two criteria was necessary as is shown below:
• Ability to define user requirements of an information system and to document the analysis and design of the system. • Ability to apply techniques for feasibility analysis, requirements analysis and Unified Modeling Language (UML) modeling in practice.
The rubrics shown in Appendices 1 and 2 were introduced in the fall of 2005 at the IS program at Eastern Connecticut State University (ECSU). A similar type of rubric for the Database Design course was introduced also the IS program at Central Connecticut State University (CCSU). The following subsection deals with the impact that rubrics may have on student learning.
An Exploratory Field Experiment on the Impact of Using Rubrics in an Introductory Information Systems Course
To illustrate the impact of using a rubric for project assessment a simple field experiment was carried out. A similar type of project on the analysis of IS implementation problems was assigned to single sections of 20 students in Management of Business Information (BUS205) during the spring and fall semesters of 2005. Both sections were taught in two sessions a week by one of the authors. The project assignments had the same goals as specified earlier in this section. The only difference in the treatment of the groups was the fact that the fall group was provided at the beginning of the semester also with the project assessment rubric shown in Appendix 1. The students in that group were urged to examine it as a guideline to the expectations towards the quality of their work while working on the project.
The spring section was divided into eight project teams. These achieved a mean percentage grade of 95.125. The fall section was split in nine teams. Those had a mean grade of 96%.
The null hypothesis was that the mean percentage grade for the group not using rubrics (spring) was higher than the mean for the group that was using rubrics.
The one tail t-test for the means of two independent samples was applied. The resulting t-statistic was 1.8495444, while the critical t-value for this test corresponding to 15 degrees of freedom was 1.7530503. Since |t|>t crit we may conclude that the null hypothesis is rejected at the 0.05 level of confidence and that the use of rubrics has a positive impact on improving student performance.
A limitation of the above finding is the small sample and hence its exploratory nature. Further field statistical results from a larger study will be needed to support this claim.
Our preliminary experiences from using the rubrics and the qualitative analysis of student projects in this subject over three semesters demonstrate the usefulness of rubrics. They help the students focus their attention on the essential issues when working on projects. The average rating for all team projects along each criterion may serve as an indication for potential problem areas that need to be addressed by the instructor. The results could be used for deriving measures towards improvement of student learning, reaching an emphasis balance between the four types of outcomes at the various levels of the IS program and for curriculum improvement. More insights on the potential of project rubrics for the purposes of assessing student learning in individual IS subjects will be derived after processing project assessment data from several semesters.
Concluding Remarks and Possible Future Work
The suggested rubrics allow a uniform way of evaluation of projects across most subjects in an IS program. Rubrics support the standardization of the way for assessing projects in subjects with several sections like introductory level courses.
The suggested approach to designing rubrics in individual IS subjects may lay the foundation for long term assessment of student learning combining project rubrics and portfolios. Having a uni-form structure of the project rubrics will allow the measurement of student progress through their studies within the program. This is one of our lines for future research in this area.
Another open question is the role of an overall evaluation indicator as part of the criteria for which we have designed rubrics. A further interesting issue relates to comparing analytic and holistic rubrics.
This paper extends further the work in Jarmozsko, Petkova, & Gendron (2003) and Petkova & Jarmozsko (2006) towards improvement of student learning in Information Systems programs through using project artifacts as direct indicators of students' theoretical and practical skills. 
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